Based on the assumption of the undamped propagation of Alfven waves between 2 and 5 Rs, the possible range of Alfven wave energy flux density at the base of a polar coronal hole has been deduced. It is concluded that extended heating above 2 Rs is needed to maintain the temperature maximum above 2 Rs and to supply energy for the formation of high-speed wind streams. The energy contribution of extended heating to high-speed wind streams might be greater than that of Alfven waves by direct momentum addition.
where Ko = 7.8 x 10 -? erg cm-' s-' deg -?/2, and 0 is the local angle between the radial direction and the magnetic field. When the electron mean free path is not less than half the radial distance, 3 qr = ¾ anuk T
where a is dependent on the radial wind velocity and electron temperature [Hollweg, 1974a [Hollweg, , 1976 . Q in (3) includes the heat input in erg cm -3 s-' (other than the possible Alfven wave heating) and the radiative loss.
Undamped Propagation Characteristics of Alfven Waves in Rapidly Diverging Flow Tubes
If we assume that the propagation of Alfven waves in coronal holes below 5 Rs is undamped [Barnes, 1966; Hollweg, 1973] As pointed out by Barnes [1974] , (10) shows that if the intensity of the Alfven waves (SB 2) at the coronal base is not sufficiently large in the place where u/V^ << 1, the differentiation of the quantity in the square bracket in the right hand side of (10) must be very small so that the acceleration by A1-fven wave pressure for coronal plasma is negligible with respect to the kinetic pressure, and it is possible for Alfven pressure gradient force to become an important factor accelerating coronal plasma only when its amplitude is large enough (for the value comparison, see the next section). On the other hand, combining (1) and ( 
The left hand side of (15) denotes the required energy supply at 2 Rs for the observed high-speed wind streams; this is estimated to be 3.2 x 104 erg cm -2 s -l. The first three terms on the fight hand side of (15) denote, Alfven wave energy flux, thermal conduction, and enthalpy at 2 Rs, respectively. The last term denotes the energy supplied by heating, which should be positive because the radiative loss included in Q can be neglected in coronal holes, especially above 2 Rs. Calculation (Table 1) propagation is damped or not. Some observational results suggested that the radial evolution of the amplitude of the A1-fvenic fluctuations associated with the recurrent high-speed wind streams might be considered to be consistent both with undamped fluctuations of solar origin and with waves that saturate at some value of the ratio between the wave energy density and the background magnetic field energy density [Belcher and Burchsted, 1974; Mariani et al., 1978 Mariani et al., , 1979 . If the undamped propagation is the case, a value of 2.4 x 103 erg cm -2 s -• for FA at 2 Rs or 5.0 x 104 erg cm -2 s -• at 1 Rs, can be estimated from an observed FA value of 9.6 X 10 -3 erg cm -2 s -• at 1 AU [Feldman et al., 1977] . It is less than the lower limit of 1.0 x 105 erg cm -2 s -• deduced above for the A1-fven wave acceleration to be effective, namely, it could have no great effect on the coronal hole expansion. The recently experimental results suggest that the radial evolution of the wave amplitude might be considered to be more consistent with saturated waves propagating between 0.41 and 0.65 AU [Villante, 1980] . If it is true, such a conclusion would lead to the prediction, as shown by some theoretical works [Hollweg, 1978; Whang, 1980] , that the contribution of the Affvenic fluctuations to the energetics of the solar wind expansion might be more effective than was previously estimated for the case of undamped propagation. However, considering the small observed value of the Alfven wave energy flux density at I AU cited above, and the results of the wind speed observation that the solar wind speed is almost constant in the outer part of the sun-earth space [Intriligator and Neugebauer, 1975; Coles and Rickerr, 1976] , it is possible that the energy contribution of extended heating to high-speed wind streams might be more important than that of the Affven waves by direct momentum addition.
